Experiment
The CMOS imager sensors were fabricated using a five transistor ("5T") pixel architecture (Fig. 3) [2, 5] , with a 0.18 μm foundry process for the devices [10, 11] and a 0.13 μm foundry process for the Cu wires [12] . Functionality was tested on 124K arrays with a pixel size of 4.25 μm.
The Ta lightshield was formed in between M1 and the Si substrate. First, a thin SiO 2 etch stop layer was deposited over the SiN barrier layer that covers the gates and diffusions. Next, contact holes were formed in the array, which allows the Ta to be used as a local interconnect, as well as a lightshield. After a preclean, the Ta layer was deposited and then patterned using lithography and reactive ion etching (RIE). Note that it is desirable to have the lightshield as close to the Si as possible to minimize oblique light effects and waveguide effects [6] .
Results and Discussion
Simulations were performed to look at lightshield options. The simplest lightshield in terms of processing is to use existing metal layers, such as M1. However, the simulations show that there is light leakage in between the gaps in the M1 layer that covers the floating diffusion (Fig.  4) . Hence, it was determined that a lightshield between M1 and the Si substrate could be beneficial in minimizing the effect of stray light on the floating diffusion.
A number of different materials were considered for the light shield layer, including Al, Ta, and W. Simulations show that Al has the lowest light transmission (Fig. 5 ), in agreement with previous studies [7] . However, in addition to the pinhole problem with thin Al films, Al also has a low melting point, which is incompatible with the W contact process used in the logic devices. Hence, a refractory metal is required for this application. Tantalum was used because of a simpler patterning process for Ta compared to W.
SEM micrographs show adequate isolation between the Ta lightshield and the poly gates and the M1 interconnects (Fig. 6 ). This is confirmed by leakage current measurements on comb-serpentine structures, where the lightshield runs over poly gates and under M1 wires (Fig. 7a ) Contact chains formed using the Ta layer as a local interconnect show low resistance, indicating good continuity (Fig. 7b) .
The functionality of image sensor arrays was tested using bright field and dark field images, and by measuring dark current. Basic functionality was confirmed for arrays with the Ta lightshield. Another important parameter for image sensor arrays (with global shutter) is the shutter rejection ratio [5] , which measures charge collection on the floating diffusion during the readout operation. Measurements of shutter rejection ratio are in progress. Fig. 3 . Simulation of illumination in array with light at 30 degree incidence using M1 as a lightshield.
Conclusions
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